Dedicated to Professor Hans-Ludwig Schmidt at the occasion of his 70th birthday Aluminium, B oro n , Flavanols, Callus, G rape Vine Internode explants of grape vine were used to produce proliferating callus cells in vitro. The tissues were grown on a modified M/S -medium supplemented with different concentra tions of boron (H 3B 0 3) in the range of 0 to 600 [am and aluminium (A1C13) in the range of 0 to 85 (.i m . With increasing concentrations of boron the content of the following flavanols declined: procyanidin B 3 (catech in -(4a -» • 8) catechin), procyanidin B l (epicatechin-(4ß -> 8) catechin), procyanidin B 2 (epicatechin-(4ß -» 8) epicatechin), and B 2 -3 -0 -g a lla te , cate chin and epicatechin. E C G (epicatechingallate) showed increased values in dependance on boron supply. Procyanidin B 5 (epicatechin-(4ß -> 6)-epicatechin) showed an indifferent b e haviour. In the case of aluminium the concentrations o f flavanols were generally increased up to a maximum of 46% with the exception o f E C G and B 5 where no significant change was observed. W hile the total sum of flavanols was decreased by boron up to about 30% in com parison to the control (no boron addition) the content o f flavanols was basically increased by aluminium up to about 25% . We conclude that the addition of watersoluble boron and aluminium compounds to the culture can significantly modify the synthesis of special m onom eric and oligom eric flavanols.
Introduction
The role of flavanols in diverse processes, in cluding ecological interactions and plant p rotec tion is a continuing goal of chemists and plant physiologists. In grape vine tissues secondary m e tabolites such as phenols are constitutively present (Hoos and Blaich, 1990; Santos-Buelga et al., 1995). Accumulation of flavanols in mesophyll tis sues was attributed to fungal infection (Feucht et al., 1996) . There is evidence that catechin and gallocatechin derivates are implicated in the resis tance of grape vine against fungi (Dai et al., 1995 a; Dai et al., 1995 b).
During the last decade the antioxidant activity of grape vine phenols including flavanols towards L D L oxidation has gained much attention (Fran kel et al., 1993; Haslam, 1998) . In plants, the flava nols were qualified as redox regulators controlling cell division (Stonier and Yang, 1973) . In view of the fairly general importance of flavanols in basic cell physiology more experiments are needed to evaluate the conditions which modify their synthe sis. The influence of watersoluble boron and alu minium compounds on the content of flavanols in grape vine callus is reported.
Experimental

Explant source
Internode segments were collected from the young elongating sprouts of grape vine, cv. 'Spätburgunder'. The best type of explant from an internode was a 1 mm thick cross-sectional slice.
In vitro culture
The media used (Murashige and Skoog, 1969) half strength, pH 5.8, and supplemented with 'bo ron' (added as boric acid, H 3B 0 3) and 'alumin ium' (added as A1C13) in a range of concentration as indicated in "Results" (Table I) (Table I) . Cultures were kept in growth chambers for 4 weeks in a 16-h photoperiod using a photon flux density of 250 [imol m~2 s_1. As to the effect of increasing application of 'bo ron' the registered flavanols showed in nearly all Table I . E ffects of the addition o f w atersoluble boron ('B ' = H 3B 0 3) and aluminium ( 'A l' = A1C13) compounds on the content of flavonols in callus tissue from Vitis vinifera. The data of content is referring to [ig/g dry weight.
Determination o f flavanols
(B 3 = c a te c h in -(4 a^8 )-c a te c h in , B l = e p icatech in -(4ß^-8)-catech in , Cat = catechin, B 2 = epicatechin (4 ß^-8 )-epicatechin, E picat = epicatechin, B 2 -G = B2-gallate, E C G = epicatechin-gallate, B 5 = e p ic a te c h in - (4 ß^6 * Calculated as B 2. E C G = epicatechin-3-0-gallate. B 2-G = B2-3-0-gallate.
treatm ents a general reduction expressed for the most striking results in% with regards to the con trol (see Table I ). Only in the case of EC G an increase (of 3 6% ) was determined. Maximal decrease was found in the sequence for B3 51% , for B1 46% , for B2 37% , for B 2 -3 -0 -g a lla te 34% and for catechin 28% . Generally, the most effec tive reduction of most flavanols took place near the concentration of 307 [am H3B 0 3. The decrease of content is also essentially reflected in the integ ral sum of flavanols (see Table I , 'total'). 'Aluminium' included into the nutrient medium tended to promote most of the flavanols as com pared with controls, the only exception being epicatechingallate. Expressed in% with respect to the control values at a given concentration of alumin ium, the increase of flavanols was in the following order: epicatechin (Epicat) 47% , B2 -3-O-gallate (B 2-G ) 46% , B1 38% , B3 37% , B2 34% and cate chin 33% . The data is consistent with the total content of flavanols (see 'total' in Table I ). B5 yielded amounts too small to allow a significant conclusion. Some 'aluminium treatm ents' showed slightly increased amounts of flavanols which were thought to be of minor physiological significance.
In a final experiment 97 (.im H 3B 0 3 and 8 jam A1C13 were combined (last line of Table I ). It is evident that the addition of boron decreased the values for nearly all individual flavanols to levels lower than those of the Al-series.
Discussion
The results give strong support to the concept that elevated levels of boron reduce special flava nols and that increased levels of aluminium tend to increase most of the flavanols tested. Thus, there is an opposite effect of boron and aluminium on the metabolic potential of grape vine callus. The dif ferential response obtained might be due to a slightly toxic boron effect whereas alumimium ap pears to favour a stress-type promotion of flava nols. The effectiveness of aluminium might be sought in a slight stress imposed on DNA (Morimura et al., 1978) and/or cellular membranes. Phe nylalanine ammonia-lyase the key enzyme for the phenol metabolism is located at the endoplasmatic reticulum (Hrazdina, 1994) . Treatment of leaves with aluminium fosetyl resulted in elevated tannin levels and increased resistance against P h y to p h th o ra (Durand and Salle, 1981) .
Aluminium ions binds tighter to cell walls and cell membranes than calcium, and thus disturbs the cation balance (Bengtsson et al., 1988) 
